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SL'MMAHV 


A IUk<> lij> turboprop lu boiiiK conbldtMcd :ih n future entM’Ky eonsei VH- 

tlvf nirpl.'inc. I'he tip speed of the propeller, combined with the cruise 
s|H'(‘d of the jilrplone, results in su|>ersonlc reUitive flow on the propeller tips. 
’I'hesc supersonic bl;i<le sections could generate noise that is a cabin environ- 
ment prolilem. 'i1)is re|x>rt investiKates the feasibility of uslnK wing shielding 
to lessen the impact of this supersonic pro|x?llcr noise. An analytical model 
is chosen which considers that shock waves are associated with the propeller 
tip flow and indicates how they would be prevented from impinging on the air- 
plane fuselage. An example calculation is fM*rformed where a swept wing is used 
to sliicl«l the fuselage from significant portions of the propeller shock waves. 


INTHOIJUCTION 

One of the candidate engines for a future energy conservative airplane is 
a higli tip spe<>d turboprop. The hlgii tip speed of the propeller, combined with 
the liigh sub's-mic cruise Mach number of the airplane, results in su|)orhonic 
relative velocities over the outer portions of the propeller blades. Dtiring air- 
plane cruise these supersonic blade sections generate signific.ant noise that 
miglit l)ccome a cabin environment noise problem. 

'I'he intent of this report is to investigate the fcnslblllty of using wing 
shielding to lessen the impact of this su|>ersonic propeller noise on the airpl.ane 
interior. An analytical model is clioscn which considers thiit shock »wives arc 
.associati-d witli the propeller tip flow anel attem|)ts to trace iiow th(*y could be 
l)l(>cked from impinging on the airplane fuselage. An example is i-onsidcred 
in wiiich a swc|)t wing is used to shield the fuselage from significant |x>rtions 
of tin* propeller shock waves. This rcfX)rt does not attempt to addres.s the 
other sources *)f liigii speed propeller noise such as those addressed by liinson 
(ref. 1) and Karassat (ref. 2) but only deals with the shock waves associated 
witli the propeller tip. 


MODKI, 

In order to determine the feasibility of wing shieUilng ff»r reducing llie 
•airplane Interior noise of a high tip speed turboprop, a |)articular airplane 
type lias licen chosen. This is a high wing airpl.-inc wltli the engines in n.aeelles 
on the wing as shown in figure 1. (A low wing .aircraft could be designed to 
iiave similar shielding, but the high wing would have less problems witli landing 
gear heigiit. ( 

in tlie modeling it is assumed that some [xjrtlon of the tip of the propcllci 
is operating supersonically when the plane is at cruise. The sui^ersonic pro- 


|M>II(T tip Hl'clion iii :ittt>unu‘(i to :ill;ich(‘(l hhock Wiivrh on l)otli the preNsiirc* 
:incl huction hiirf:ieoij. A sketch «)f the pr«>peller tip mijjlit look ;ih in flf^ure 2 
which is ;i view of the tip looking toward tiie hiil). 

The shock wave pattern has lea(lin({ and trailing edne shocks. 'Hie aiij'le be- 
tween tile shock wave and the blade camiu'rline is 0. (A list of syminds i^ in- 
cluded in ap|H>ndix A.» In finure 2 the shock w.-ives are shown U) have different 
angles, and In the text f>f this refKii t the ;innle if could be cotistrued 

as Indnn eiiher the leading or trailing edge shock. However since th<- leading 
<'dge .shock is typically stronger and thus represents a more critical shielding 
prt)blem. Hie leading edge shock geonu-l ry and angle are used in the following 
d(>velopnient and in the sample calcul.-itions. 

These pro|»eller tip shock waves rot.ate with tlie propellei’ and wmiUi impinge 
u|ion the airplane fuselage cre:iting an interior noise problem. In order to lll'i.s- 
trate the |M>ssibllity of using tlie wing to block these waves a number of head-on 
air|)l:ine sketches are shown in figiire .'t. These drawings illustiuto a inopeller 
lilade in v.arious |M>sitions .and indicate thc‘ (Misition of th<> shock wave from the 
suction surfat'c of the propeller. The lilocking of the suction wave is shown 
here for purposes of illustr.at ion and it will be shown l.ater that tiu* pi’essure w.a\e 
can l>e made to pass behind the aiiplane. The shock w.a\a- is assumed to lie in 
a plane which is perpendicular to the bl.ade span. The blade is shown as being 
the same from hub to tip only for ease of illustration. 

As can be observed in figure the suction surface sh«K-k wave strike's the 
fiKse-lage only when the pio|K'ller iilaeU' is in a eertain |M)i-iion of its rotation. 

In particul.’ir this occurs when the blade is located in tlie <|ua<li:int of the pro- 
peller rotation wiiieli is aliove tlie airplane wing. Therefore iMirtions of tin* 
airpl.-me fuselage* ni:iy be shielded fnini these suction surface shock wave's by the' 
preseni'e' of the* wing, 'nie intent in this re|K»rt is to inve*.stigate the- geoiiu'trlc 
aspee'ts nt this wing shit'Irling and to evalunU* the (lossibilitv eif using this wing 
sliielding effect tei minimize the slioe'k wave neiise reai'liing tlie fuse'l:ige. 


.Slioe'k Wave .Moelel 

'Hie sluH'k wave mejelel that is useil in this re|»ort is pre'se'nti'el in elet.'iil in 
referemee* .'t. This moelel is valid for the le'lative'ly small angles of ait;u k, 
whie'h are* eha I'acteristie' e>f the* suix'i'semie' lip se'ctieins of ;i high speeel turlxiprop. 
In chart 2 (ref. .'ti the leading eelge shock wave angle ((b lor an attae*lu*el shock 
is giv(*n In terms e>f the eletleetlon angle at the leaeling e*elge (o. the blaele semi- 
ve*rte*x :ingle'i anel the upstream Mach number relative to the* blaek*. This geom- 
e*trv was shown in figure 2. 

I'’igure 4 Is a sketch of the supersonic blaele se'ction anel fj is its angle 
w'ith res|iect to the centerline of the* engine. The pre'ssure* ;inel sue'tion wave.*? 


m:ikt» ;iii^;li>h V|, :iml with tlu* (vnUM'liiw* of llu* criKlnr. In thin nwmrtry 


'/V* If - (''j.- U) 

yy •= )r - (>^ - (2) 

Tlu* aiiKlt* of pufh of the attaclied bhockK with respect to the blade is then 
obtainable by usin); reference 2 to determine tlie anttles and 0 ^ and 
iM|uaiions 1 and 2 are us<*«l to determine the :in^les with res|)C‘et to the engine 
centerline. 


Siiieldint; Geometry Model 

’Hie alrpl;uie geometry chosen for Investigating this wing shielding feasi- 
bility i.s shown in figures I and 5. In figure 5(a) the high wing airplane is 
viewe»l heacl-on and the fuselage cross- section is represented by a circle of 
i-adius Itj-. Ilie propeller has an outer radius juid has its center in the 
plane of the wing juid at a horizontal distiuice h from the fuselage center, 

'I’hc pr'ipeller centerline is chosen to lie along the z axis of the x-y-/. coorindatc 
system which is shown in figure 5(b). The angle 4> is measured from the \ 
axis in a clockwise direction. 

The |K)sition of i)oth the suction and pressure waves, called S :uid I*. 
c:m Im- dcdcrmiiu'd as vectors originating from the blade section. For case in 
determining tnese vectors it is assumed that no radial flows exist over the 
blade surface and therefore the shock waves arc in a plane which is |X“rpcndic- 
ular t»i the blade span, losing figures 1 and 5 the two vectors can be expressed 

I P| (-sin yj, sin <t> i * sin yj, cos »1* j - cos ■) j,k» (2) 

I b I («ln y bin i - sin y cos j - cot' y k) (4) 

O b O 

^ A A 

where | ,s 1 :md | 1>1 are the length of vectors s and i' juid i, J, k are the 
unit vectf)rs in (he x, y a‘«d z directions, 'ihe origin of these vectors is on 
the blade at some radius r and with the blade at some angle <1> in its rotation. 

In order to made the problem muie tractable (he assumption is made that 
this shock wave which leaves the blade at (Kisition «l> continues in the same 
direction which it started. In other wordo the wave continues to travel in the 
plane which is |K‘r|K-ndicular to the blade s|)an when the blade was at angle 
and it continues to make the same angles with respect to the x. y .and z axis. 

This tlien enables the geometric construction of figure 0 and the determination 
of the range of blade angles «l> where the wave will strike the fuselage. 


I 


rtuurr (»(a) hhoWH the ranKi- »if anulcN wluTf Iho N wavf would htrlke an 
infiniU'ly lunf; cylindrical fuuclaKc. I'iKuiv <>(b) indicatcH the boundaries for 
the I’ wave. As can be observed, only a small iKtrtlon of a revolution of the 
blade is of concern. The mimics that ls>und these ranges can be determined 
fi*om tlie airpbuie );eom«>trv :md are derived in ap|X'ndix M. 'Hie initial b 
wave anjilc is indicated as the final anule as <l>j^ :md <l>|)j and are 
used for the P wave iuiifles. These angles are nlven by the followlnn Kjuatlons. 



where llj- is the fuselaRC radius, r is the radial loe.ation of the shock on the 
l)la<le section and h is the horizontal tiist.anee from the fuselane center to th(> 
|)ro|K*ller ec-nter. 

In fifiure 7 it is illiistratc'd that tlie typical P w.ave which minht strike 
the fuselaK<* wouhl impact behind the winj*. Here it can lx* seen th.at the key to 
minimizing the impact of these "P" wav<‘s is to c-ause them to |i:iss behind 

the fuselage. With the- kn«>wn angle 'l>., in Hie rotational plane, and the vector 

• * 

P it is ixjssible to calculate the projected angle of the I* wave in the y-z plane. 
In figure 7 this is angle lieturning to tlie vector e-xpressions (eips. :i a/nl 4» 
this angle is tlien the arc tangent of tin* minus y eomixinent divided bv the 
z com|)onent 


Tj = tan”^ (tan Vj, cos 4> p) 


Hh 


'I'herefore for a given <!• p It is |K)ssil)le to evaluate tlie angle at which the 
wave travels aft in the y-z plane. I’rom the gcf/metry of the airplane it Is 
als<i (Missible to determine the angle from the pro|M’llcr for a wave mat 
would just pass lu'hind the airplane. It is 


( 10 ) 


»»M ‘ 


-1 h ► F 


C 


whiTc (’ ih tiu' iliHtjnce from the |)ro)H'llt*r phine to the roar of the fuHeiage, 
h Ih (he horizontal (IlHtanee from the ))ro|K>ller renter to the fubclaK^’ center and 
K ih the projected ioeation of the propeller blad<* heetion in the y plane 


K “ r hin + p (11) 

In theory then it ih |)Ohhible to chooKC h, the enplne location, hueh that ail 
of the I’ waveh for 4» p to <l> p pnhh downhtream of the air|>lane fuselage. 
('oml)inin);; equationh 0, lo and if, 

h = C tan Yp eon <t» p - r hin «i» p (12) 

lly Hcttinn the derivative of h with rehpeet to <hp equal to zero, the hinalleht 
h can l)c calculated ho that all of the prehhui'c wavch |)ahh (bwnhtream. Thih 
hmallcht valve of h can be exprehhed ah. 




2 

tan Yp, 


(i:b 


this occurh at an ancle 


•hp = t!in"‘ f — 

' M If tan Y p 


( 14 ) 


l lu'hc exprchhions then determine the value of h for uhe in future calculationh 
of (he S wave behavior. 

The hituation with the "S" wave ih hhown in flcure 8(a). The intent here is 
to have the wine swept at an ancle so as to block all the S waves from strikinc 
the fuselacc. ’I'he ancle tp that an b wave makes from the propeller can be 
determined knowinc 4>y 


tp = tan 



( 15 ) 


II then becomes necchsary to determine the wine which can block these wave.s. 
in ficure 8(a) the tancent of the wing ancle .1 can be determined to be 


tJUl J « 


A + G + H 


(Id) 


F- Q 


It 


It ib llu*n rufcbbiiry to linil A, It, T :iml <i. tl ib tin- diblanc-t- ol llu* propcllor 
lip fnim till* leadin^t ihI^o of tiu* wIjik ami ib abbunied known. T ib the dibtance 
in the y plane that the wave hab Kone when it crobbeb the wiii|;> i‘'i'um figure H(l» 

r !•’ (17» 

bin <l»y 

where r ib the radiub to llie blade beetion. 

W ib the pi'Ojeetion of the blade beetion rudiub in the \-z plane 

tv - r bin <1* . 1 1 H| 

I) ib the dibtanee the wave hab proKrebbed foi w'ard (-/ direction) when it inter- 
eeptb the winn. Itelurninf; to figure K(a> 

li - ( K - (.i) tan 4' ( 1 !h 


and 


A = - tV( tan <1 


where ib llic outer radiub of tlie pici|H*ller, then 


t!U1 .1 = — - 


(It - IV) tan .1 ^ C t (| - _ g, t;ui 


(I'-tV) 


iJO) 


( 21 ) 


which on rearranulnn nlveb 


.1 = tan' 



1 ( l'~ - ty) tan ^ 
) 


( 22 ) 


Kipiation 22 defineb the winf* imule neeesbarv to block the particular "S" 
wave. It bliould be noted here th.at during |>o)‘tions of the )'otation the ”.S” wave 
would traverbc aerobs the lop of the fubelane (bee Hk. 20). However, with th< 
lil^li w’inK extending alxwe the fubelane it ib felt that thl.s would provide the 
ne'eebbary shielding in thib area. It .should albo Ik- noted that tlie coin ept ’-e- 
*|uii‘eb that propeUerb on opiKibile bidcb of tlie airpl.-ine must )'ol,-ite in o|)po.sit> 
tllreelioiib. 'Phere ib nothing that lb obvioubly in er)-or it thib f.s done Init the 
inereabc in part.s eaubed bv tlie op|H)bltely rotating propeUerb ib a definite dis- 
advantage. 

It appears le.-isible in tlu-orv to confi^jin'e this hifi^h winn airplane .so iliatthe 
.shock wave from the prebsure surface of a blade section would pass tlownstrean-. 
of the airphine .-uul the wave from the suction surface would be blocked by the whi. 
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Since »*:ich section of the bl:ule, from the tip to the sonic line, would have dlJ- 
ferent sitoek wave angles ;unl blade settin); angles it may not lx- imssible to bl<>ck 
all of the waves. However, it may be (xissible to block si^ifieant |V)rtions of 
the shoi'k waves so that the eal)ln noise mi|;ht be appreciable reduced. 


l-XAMI'U' 

The following example illustrates how this approach mi(>ht l)e ap|>lied to an 
airplane design. A sketeli of the airplane is shown in fluui-e I which is 27. 1 m 
(!I0 ft» lonj; with a 27. 1 m (ilO ft) wingspan. Tlu> fuselane is 2. i t m (S fit in 
diameter and the pixipidlers are 2.71 m (!) ftt in di.anu'ter. 'Ilie air(>lane pr«>- 
l»eller tips are assumed to have a relative* Mach number of 1.2, achieved by 
an airplane Mach numlx'r of U.K.'S and a pmpeller rotational Maeli number of 
0 S.'S. The plane of tlie propeller is assumed to be l.'5.2-l m (.'SO ft) from the 
I'car of the airphuie and tlu* airplane is operalinj; at 10.7 km (25 000 ft) altttu<l<*. 

The first step in workinjj this example is to detei miner the shock wave 
iuiules (<•) with respect to the pnjpeller blades, 'flie bla*le leading ed}i<‘ is as- 
sumed to Itave an included anule of 2^’, which makes 5 ^ 1^*. 'Ilie anRle of attack 
for these iilades is typically small and for ease in working the examjile the 
slioe < w:ives are assumed to lx* the same on each side of the blade (Oj, - 
In refen inn U» reference 2, fifcure i, tlie shock wave will lie attached to the 
leatliuK eil^e at ineominn Mach numlx*rs of approximately 1 . 1 or urealer. 
Therefoie foi- tliis example :m attempt w'ill be made b> adjusl (he airplane u<*»>m- 
**tiy .so that the atlachetl shock waves, those from the blade* sections fi*om the 
lip (M 1.2) down t«) the lilade |K>sition where M - 1.1, do not strike tlie fusel:iRe. 
II should b(* noted here tlial II c bow type shock waves from tin* se'ctions from 
M 1 . 1 to M = 1 .0 will not lx* blocked from striking the fuselaRc. This slioek 
noise plus the other existing pro|K*Iler noise sources may still <*au.se an Interior 
noise pi'oblem. However, it is felt that by bl«»ekinjj: the stronger attacheil shock 
waves a slKnificant noise reduction would be a(*hlevc*d. 

from chart 2 of rcfei'cnce 2 the shock wave angles for a 1** an^le are 

Oy =-■ ft j, = 59" at the tip (M = 1 . 2) 


and 


tty - f' |j ~ at the M 1 . I |H)inl. 


AL page 18 


At the* tip the blade is s<*t with the flow, whi<*h has both its eircumleruntial 

and axial M.'u*h numbers (Hiual to 0.85 and thus the blade tip is set at p ■- 1.5". 

At the |)oint where the blade is travellnR at M = 1.1 (0.82*1 It ), the blade is 

o ^ 

rotating at a ivl.ach number of 0,7 and the :uinle p = 29 . Usint; <*quations (1) 


H 


;in<l Cii Uiitt Uien yic’lda the following v:ilu( » for the Hhock 
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Thib intlicaU ‘8 that for all of tlu» black* aoctions, the prebburc wa\c>« ati* 
pmpaKatliiK clownbtrc'am and the buetion btirface wavea are propa^alinu KliKhtIv 
ahead of the plane of rotation. 

The next .step Ih to determine the enjjine |K> 8 ition on the wbiR, h. that w ill 
eau 8 e the I’ waveb for all of the 8 <*etlonH to pa 88 downatream of llu* airplane. 
The worst ease Is for the M = 1 . 1 |xdnt where, from t*(|iiationN 7 anci H, 

< 1 *,, :ind -I*,, =• lH 7 . l‘\ 

I'l I'f 

The ealeiilated value of hj^^ Is detcrmlnc*d finm t^^iiatlcjn i:i to Ik* H.S 7 ni 
( 21 ). 1 lt». 'I'hls oceurs at an anRle ‘I'l, of 187 . 3 *^ whieh ib within the ratiRe of 
<|»|,'s for this ease*. Therefore, It the cmRine is plaeed 8.87 m ( 21 ). 1 lt» fnjm 
the fuselaRe the P waves will all pass behind the airpl:n>e. 

Wltli this caleulated value of h usinR (>quationb ( 5 ), (ib and ( 15 >, for the 
M = 1.1 ixilnt on the blade, 

-t.. = 33(i.H" i/v ' 

&i 

<h. = 3 .') 2 . 7 " i/V ' 18 . l" 

Of ^f 


and for the blade tip. 



.3:i.>j.:r 


4>. = 3.51.2" 




■'Sf' 
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Tlie larRest sweep angle J oceurs for the initial wave at the M 1.1 
l>olnt. Psing ec|uatic)ns 17, 18 and 22, with an as.sumed dist.'inee G of o. ill pi 
(2 ft), gives a sweep angle .1 of 4<l. l" whieh would most logleallv be in- 
creased to 4.5". 

In this example the attached shock waves, from the blade sections from 


I 


the tip down to tht' M * 1.1 location on tlic bl.ndc, hnvc been prevented from 
directly utrikinR the riihcl.nKe of the airplane. This was accompllahed by helec- 
tlvcly ch»H)blnR the |X)aitlon of the engine oj. tho wIor and the sweep aaRic of 
the winR. 


AN KSTIMA I K OK TIIK ACIIIKVAMI.K NOlbK HKDKC'l lON 


The amount of noise reduction achievable from this pro|X)scd winR shieldlnR 
('epends on a number of factors. Those include, but may not be limited to, how 
much the shock noise source is alxivo the comm<»n propeller noise sources and 
how much the shock wave mlRht diffract around the wing lending edge. An exact 
assessment of each of these factors is not presently possible. However, the 
following approximations indiertc iht |X)ssible noise reductions achievable by 
tills wing shielding concept. 

In reference 4 an attempt was matlc to predict the noise from a turboprop 
o|K>railng at a tip relative Mach number of 1.15. The method for this estima- 
tion was an extension of sonic boom predictions to this case. The metliod yiehlea 
a predicted overall sound pressure level of 148 dH based on this shock model. 

Also included in reference 4 are the predictions provided by Hamilton bt.nndard 
which do not inclmk* Hie presence of attached shocks. This prediction yielded 
a value of K17 dil. The difference of U dll is herein assumed to be the retult 
of the sliock noise, bince this shock noise is generated mostly at the tip, I', is 
estimatcfl tliat if the shock noise fitim the lip section (in the example, this is from 
the M = 1.1 |)oint to tip) were blocked, an 11 dll reiluctlon in fuselage noise 
could occur. 

During tlie profieller rotation some (xirtion of Ihe suction surfac’e shock 
wave* may be diffractetl around the leading edge and strike the fns<‘lagc. In 
order to pmvide an estimate of the amount of diffraction that might occur, a 
simple barrier slileldlng model will be used (rc-f. 5). 

'I'his model is for the attenuation of a point .soiukI source by a barrier. It 
is |K.)ssible that more attenuation might occur for the shock wave since it is a 
more directional source, however this |x>inl source model shouM yield a first 
.approximation to the attenuation by the wing. 

The attenuation •'or this barrier model is 



(25) 


attenuation = 20 log 


f 5 dll 



M) 

whrro In thr Hhndow z»»nc 

N, (A, ♦ n, - (Ij) (2-l> 

A I wavj'lpnuth of HOund, m 

(Ij Htraight line distance iM-txvern smiree and receiver, m 

Aj + li| hluM'teHt path length «»f wave travel around the barrier between the 
houree and reeelv«*r, tn 

For a 2.71 m (5> fit diameter, 10 bladed, prf»|H>Iler operatlnn at a rotational 
Mach niimlK*i of O.M.') Ihe hlatle pa.ss.iu'' tone wctuld oeenr around MOO Iterlz. Tin- 
harmonies woubi In* muUlpleh «>l Ihls I r<*i|ueitev, <>0u, Ooo her!/., ete. The 
lea.*»l all( niiatlon would oe<-iir at Ihe lowest fr^•^plenev (ltl‘l•■) «<» lids is taken as 
tin* worst ease situation. For a slantlard atn»i)sphere at 10. 7 Km (MTi ooo fti, 
the H|K*ed of sounrl is (207 m'soe) which nlves a wavelenuth (»l the MOn herf/ 
tone as o. OKH m (M.24 ftt. 

'Fhe fllfferenee In path len>(th for a direct path an<l the dlflraeted p.ith 
(A| Hj - djt is a varl.able lor dlff<*rent p»)rtlons of the prctpeller rotation. 

For this estimate the average position 'ht of the propeller when Its wave nd^jiil 
strike the fuselaue is taken as M41.H f<ir the attached shock at M = 1 . 1 anrl 
a Huetion shock wave anele, >y, of 72**. The followlnfj values can be ealeulaled 
usinK the direction cosines of the H sector from ei|iialion I. The distaiwe, 
il|, to the fiiselaue is M.OM m (2i>.Mti ft) and the distance ;iround tiu* winn Ieadiiu> 
edue. Aj Is S. IM m (2(i.(»7 fU. ’I'he ealeulatcfl value of Nj then l)eeonies 

0. 19M. The substitution <»f this Nj lnt(t efpiallon 2M vields a |>redlet<*d atli*niia- 
lion of af)|)roximatelv H dit. 

It should Ik* noted that this H flit attenuation of the MI’F Is for the avei*au«* 

1. 't^pj'lb'r position where the shock wave w«)tdd strike the fuselaue. At some 
|Hisitions this att»*nuatlon would be less :tnfl at other |K)sitif>ns more Ilian ihl.s 
value. Also the attenuation woidd In* Kreater for tin* hiuher hamonles of Ihi 
tone (2 V MpF, M v HPF, etc.). It .should also be noU-d that sonu* shl«*ldini> of 
the nonshoek relatt*d propeller noise sources would also occur. In this se<*iior 
estimates of the shock noise (iredomlnanee over the otlu*r propellc*r .sources 
and estimates of the diffraction of the blocked shocks have been used to j’i'*’ 

an Indication of the noise reduction p<»ssible from this uinn shleldlnn concept. 
These estimates Indicate that the nedse I'eduetlon possible bv wln^ shieldin)' 
of the fuselape from the firopeller sh<K*ks Is of the order of s to 10 dH. 




II 


CONCM'DINC; UKMAIlKh 

rhe Inti'Dl of thiii rp(M>rt wuh to hHow tlio foabihiltty of preventing |x>rtlonb 
of the uhoek wnvcb, that are attached to 8U|>i'rKonic tip b|>eed pro|H*Ilei'8, from 
reaehinK an nir|>lane fuHehiKe. Thib wnb ueeomplibhed <>ri a lilKh winft airplane 
by loeatinK the enR;ine on the wln^ no that the bluick wa\e abHOciated with the 
prebbure burfaee of the blaile, pabbeb downbtream of the airpl.ine. 'nie bhock 
wav(> on the buetion bide of the blade ib then blocked by properly bweepinK thi* 
airplane wins. An example wab worked where the attached bhock wavcb for a 
pn)peller were bhlehle*! from directly btrikinK the fubclaKc. In thla example 
it wab not pobbible to bloi'k all of the unattachiHl bhock wavcb nor were the 
other nolbc bourccb abbociated with a IiIkIi tip bpecd pru|K*ller prevented from 
reaching the fubclape. In addition, diffraction around the wUiR may limit the 
amount •)! reduction i>obbil)Ie. Ihiwcver, jin cbtimate for thlb exaniple Indlcate.s 
that K to lU (IH noibc reduction may be (xjbbiblc. In addition, for thib example, 
raibiiiK the centerline of the pixipcllcr above the wln^ or adding vertical fence 
to the wlnK between the fubcluKe and the pro|)eller would pmbably block even 
more of the shock waves. In any case, tin* concept of preventing |xirtlons 
of the blade shock waves from hitting the fuselage appears feasible :uid if ae> 
compliblu'd, significant reductions in the airplane interior noise might be 
achieved. 
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AI'S'HNDIX A 
U.ST hVMIJOl.h 

A Hihtanci-, in atkiltion to li. tliiit win^ lb )>ohliiil Uu* pro|H.‘llc‘r nt the |m>. 

pi’lliT bi-t'Uon wlu'i'f llu' bhui'k wrivt* ib oriKiiiiitinK (flK< 

A| ♦ Mj bliortobl path IcnKtli of wavf Iravfl ovi*r tlu- harrliT bftwffn Uu* boiiri-i* 
ami rfC'olviT (tii. 2*1 1 

II diblaiu'o mrabured in the / direetiun fiajm the intei'beetion ul the bhoeU 

wave with the winy leading etlne t«* the |»lane of the pro(H*IIer tflu xpot 

(' dibtanee from plune ot pru|)eller to rear of fuaelaue (TIk. 7) 

d| btralKld line dibt:uiee between bouree and reeeiver (eq. 2-4) 

K pit)Ji‘eUnl loealion of propeller blade in >-/ pl:uie (e<i. II, fiu. 7i 

!■’ dibtanee from interbeetion of bhoek wave with the wlnji leading edye to 

the iUm- eenU'rline in tlie y direetion (flu. H(al) 

(! di..::.eee from winu leudinu edue to pro|)C-ller plane at the elo.M'bt |mmiiI 

in the /. direction (fiu. H(nM 

h huri/ontal dibtiinee fn»m fubelauc eenter to pro|M.>ller center (flu. 5(ao 

« .* A 

l,j,k unit V(>etorb in the y, / direetlonb 

.1 wbiu anule meubured from fubelau<' eenterline (flu. H(n)i 

M iipbtream Maeh number with reb|H*et to pro|K.*ller blad»' (flu. 2i 

Nj barrier attenuation parameter (e«t. 2ti 

• 

I’ prebbure burfat e bhoek wave vector (e«). :i» 

pif)jt‘c*ted location of propeller blade bection in y-/. plane (flu H(an 
lt|- fubclauc radiub (fiu. >'>(ai) 

Itj^ «)Uter radlub of propeller (flu •'»(:»>) 

r radiub of a |jolnt on the pn*peller (flu. 50)it 

S biiction biirfacc bhoek wave* veetor (e«|. b 

x,y,/. coordinate bVblem fixed at propidler axlb (flu. r>(bp 

V|, prebbiirc burface bliock wave anule with reb|H'ct to enuine c-enterllne 

(fiu- b 

Yy buetion burfaee bhoek wave anule with rebjK*ct u> enuine ci*ntei-llne 

(flu- b 










oV 
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half anule of blade leudinu educ wi-due (fiu. 2) 


iinKli* in y-/- |iliinc> of prohMurf Kurfnct* HluK'k wave with rch|M.'('l to 
pro|H*lhT ffnlfrllnt* (ftn. 7t 

the anult* i> that would paHH dowiustroam of airplanr tfi»;. 7i 

shock wave :uiule with rcs|M‘et to lilatli* centerline tfit;. 2) 

prchhurc surface sh<»ck wave anyle with res|K‘ct to l)la«le eenterlim* 

tfiu. ii 

suction surface shock wave :m>;le with reK|H.*ct to l)la«ie c•enU■rllnc 
(fi«. I» 

h a(lin^ cdne sh»K*k wave iuiule with resfH‘ct to blade centerline (fin. 2i 
I railing cd^e shock wave ruijjle with respect to blade centerline (flu. it 
w avelength of sound (e<|. 2 (i 

an«le t»f Itladi* section w ith resp»*ct to (‘nf^lne ccnterUnc (flu. it 
an*;lc of imitation for a propeller blatle (flu. ritbit 

pro|Miler rotation anule when pressure surface shock wave wmdil last 
Intcrsecl tiie fuselaue (fiu tl> 

pnjpcllcr nttatian :mule witen pressure surface shock wave would lirst 
Intersect the fuselage (flu. id 

pro|M'ller rotation anule when suction surface shock w:i\e wotdtl last 
intersect the fuseluue tfiu* ‘d 

propeller rotation anule when suction surface shock ware would first 
intersect the fusclaue (liu. *d 

anule in y-/ plane of cctlon surface shock wavi with res|K'ct to pro- 
peller plane (fiu- H(ai) 


H 

Al'I'FNDIX i( 


pa(jr is 
f*OoR QVAUIy 


t 


St)UITlONS FJ)K INITIAL AND FINAL MLADF I’USniONM 

^iolution for 

‘1 

'I’ho nt'onH’try for Ihih for UiIk solution is found in finurc lU. Thi* dotted 
lint* <if indicates the shock wave* plane which is tanKcni to both the fuselage 
and |>if»|K*ller eliTles. A lint* ak is draw’n parallel to this wave from the 
center of the pmp<-Iler disc to the t*xtenhion «»f the radius of the fuselage*. 

Tw«» angles which have their sides |K*rpendicular to eaeh other are inpial. 
'Ilierefore since la is perpendicular to ta and ka is |M>r|K.ndieular to da tlu*n 

«-lak-vdal (where • indicates an anKle* 


dal = 27 t - <l> , 


- 2ir - • dat ^ 2n - lak 


<Iak - • lab ♦ «^bak 


<bak 


sin' 



• I ai) ' 


- I 


Hf 


tan — 



h 


TIu’ia'fore 


<!• 


2n 


-I “f 
tan ‘ — i 


- sin 


-1 




holution for 'I*. 

^f 

The Kfometrv for this sfiiulion is found in figure M2. As in the soiution 
for annicH with mutually |K*rpendicular sicles are e<|ual so 

^dat = ■ l.ak 
.so 


4' 


^f 


= 2jr - lak 


« 



NtIuUon for 




I' 


I 


The ucHtmclry for thib holiition it> f«Min<l in figure As lK*fori‘ :m^U<K 
with miiliirilly pcrpcndicul jir sides are c<|u:d. 

Ink » <dai 


< 1 * 


* jr - <h>k 


<lak = ■ lal) -* <l>ak 


<lal)- tan 



« l)ak 


sin 


-1 




Moliition for <(•, 

' f 

'llie m-ometiv for this solution is foiiml in finiire Hi. .\s l)eh)re antiles 
with mutually iK-rpendieular sides are e<iual. 


Hi 


«.lak *• 

4» *■ jr *• <l!»k 
' f 

<lak *■ <b,'ik - • lab 



Pooj^ 


' ^’Ar?R fs 
(.’I'A 'j'j'Y 


- 1 

4> ., “ ir - tan —i ■> 
f li 
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FiQur* ?. • Slide shock wive ingits. 




Ittort lMf«n9*»«f<L 



fifurt ). • Suciton tuffK* iliacli mv* impin««mtnt. 


Inginr 

Ctnltflint 



Fi^rt 4. • (tl4tion o! Jhock ingiti to tngjne ctnlcrlint. 



Ill Hiqh Miof 9«mttry. 



ibl Propfllir cooritinilf iytitm. 
Fiqurt &, * Airplintg«mt<f|r. 



Ftpurt t. * Propilir blidi pi<tltioit Mr Inittii ind (irwl impinpimfnt 
ol ihock Mvti 
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fiqurfB? * Solution lor *. 
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